Recently, N. Singh and S. Aggarwal [Pramana -J. Phys. 89 (2017) 79] have reported energies and lifetimes for 127 levels of three Ne-like ions, namely Cu XX, Zn XXI and Ga XXII. For the calculations they have adopted two independent atomic structure codes, i.e. GRASP and FAC, and have concluded that both codes give comparable energies. However, we find that the differences between the two sets of energies are up to 1.5 Ryd (over 1.6×10 5 wavenumbers) for many levels, and for all three ions. In the absence of other available theoretical or experimental data, it becomes difficult to know which set of energies is more accurate. Through our calculations with the same code we demonstrate that their listings from the FAC calculations are incorrect. A few more anomalies noted in their tabulated results are also highlighted.
Introduction
In a recent paper, Singh and Aggarwal [1] have reported results for energy levels, radiative rates (A-values), and lifetimes (τ ) among 127 levels of three Ne-like ions, namely Cu XX, Zn XXI and Ga XXII. These levels belong to the 2s 2 2p 6 , 2s 2 2p 5 3ℓ, 2s2p 6 3ℓ, 2s 2 2p 5 4ℓ, 2s2p 6 4ℓ and 2s 2 2p 5 5ℓ (ℓ ≤ 3) configurations. For the calculations, they have adopted two independent atomic structure codes, i.e. the general-purpose relativistic atomic structure package (GRASP) and the flexible atomic code (FAC), which are available at the websites http://amdpp.phys.strath.ac.uk/UK APAP/codes.html and https://www-amdis.iaea.org/FAC/, respectively. It was done for the assessment of accuracy, particularly for the energy levels, because prior similar data, experimental or theoretical, for most of the levels for these three ions do not exist. Therefore, based on the two calculations they concluded that both codes provide 'comparable energies'. However, we notice that for many levels of all three ions the differences between the two sets of energies are significant, i.e. up to 1.5 Ryd -see for example, levels 111-127 of Cu XX, 112-119 of Zn XXI and 111-116 of Ga XXII in their tables 1-3. In our long experience for a wide range of ions we have not noticed such large differences between calculations with these two codes, particularly when the same level of CI (configuration interaction) has been used. Additionally, in the absence of any other similar data, it is difficult to know which set of energies is more accurate. Therefore, we have performed our own calculations with these two codes and note that while their energies with the GRASP are correct, with FAC are not.
Energy levels
In both calculations (with GRASP and FAC) Singh and Aggarwal [1] have included CI among 51 configurations, namely 2s 2 2p 6 , 2s 2 2p 5 nℓ (3 ≤ n ≤ 7, but ℓ ≤ 3), 2s2p 6 nℓ (3 ≤ n ≤ 7, but ℓ ≤ 3), 2s 2 2p 4 3ℓ3ℓ ′ and 2s 2 2p 4 3ℓ3ℓ ′ . These configurations generate 1016 levels in total, but the results have been reported for only among 127, as noted in Section 1. Since both codes are fully relativistic and the same CI has been used in both calculations, the results obtained are expected to be comparable, and this has also been concluded by them. However, some of the energies obtained between the two calculations differ by up to ∼1.5 Ryd as noted already, and therefore their conclusion is not based on the calculated data. Since such discrepancies unnecessarily confuse the users of data, we have performed our own calculations with both codes, and with the same CI. Their listed energies obtained with GRASP are found to be comparable with our own calculations, but not with FAC. We discuss these in detail below.
In tables 1-3 we list our calculated energies with FAC along with those of Singh and Aggarwal [1] for 127 levels of Cu XX, Zn XXI and Ga XXII. Only their final energies, obtained with the inclusion of Breit and quantum electrodynamic effects (QED), are listed in these tables, but with both the GRASP and the FAC. Two conclusions can be easily drawn from these tables. Firstly, there are no appreciable differences between the GRASP and FAC2 (our calculations) energies for any of the ion considered here. This result is fully expected and has been noted in the past for several other ions. Secondly, and more importantly, there are significant differences between the GRASP and FAC1 energies obtained by Singh and Aggarwal. Differences in FAC1 and FAC2 energies for the lowest about 100 levels of these ions are comparatively minor, and are below 0.2 Ryd. However, for the higher excited levels the discrepancies are much larger, up to ∼1.5 Ryd, or equivalently over 1.6×10
5 cm − 1 -see for example, levels 111-127 of Ga XXII in table 3 , and in a majority of cases the results of Singh and Aggarwal are lower. We discuss below the (possible) reason for these discrepancies.
In calculations with FAC it is much easier to include a larger number of configurations and their levels, or the CSFs (configuration state functions). For this reason, in the GRASP calculations Singh and Aggarwal [1] have ignored configurations with ℓ > 3, but have (perhaps) included in FAC. As a result of this the FAC calculations have been performed with 1112 CSFs, which include all possible values of ℓ for 4 ≤ n ≤ 7 of the configurations listed above. Unfortunately, the 96 levels arising from these 'additional' 12 configurations do not lie above the 1016 included in GRASP, or above the 127 listed by them, but intermix with those. In fact they intermix quite early, from about level 100 onward. In listing the FAC energies, Singh and Aggarwal have ignored this reality and have (perhaps) listed the lowest 127 energies, and hence the discrepancies. It may be worth noting here that their calculations with both the GRASP and FAC codes had similar discrepancies in the past, for a range of ions, see for example the energy levels of five Br-like ions [2] with 38 ≤ Z ≤ 42 and F-like W LXVI [3] , [4] .
Apart from these major discrepancies noted above, there are a few more (minor) anomalies in the tabulations provided by Singh and Aggarwal [1] . We highlight only three, i.e. (i) in 
Radiative rates
Singh and Aggarwal [1] have also listed A-values for some resonance transitions in tables 5-7, but for four types, i.e. electric and magnetic dipole (E1 and M1) and quadrupole (E2 and M2). In table 9 they have compared their results with the earlier ones of Hibbert et al [5] for a few E1 transitions, and have 'concluded' a good agreement, whereas we find that the listed A-values of [5] are larger by a factor of three, for all transitions and ions. This is not only contrary to their conclusion but also inconsistent with their subsequent results of τ (listed and compared in table 10) for which there are no discrepancies. A closer look at the tables of Hibbert et al [5] reveals that they have listed weighted A-values, i.e. ωA, and for the transitions in table 9 of Singh and Aggarwal, the statistical weight ω is exactly three, and hence the discrepancies. Similar discrepancies, and for the same reason, were also noted earlier [6] with their results for the transitions of Sr XXX.
Conclusions
In this paper we have highlighted some of the errors and discrepancies in the reported data of Singh and Aggarwal [1] is scope for the improvement over their work. For the similar reason, some of the listed lifetimes may be affected because some of the missing transitions may make a contribution. Furthermore, the limited data reported in their paper for the A-values are not of much use, because for any modelling or diagnostic application a complete set of data covering all transitions is preferred.
With the ready availability of various atomic structure codes it has become comparatively easy to produce atomic data. However, it is still not straightforward to produce accurate and reliable data which can be applied with confidence. Most of the discrepancies, often noted in various atomic parameters, including energy levels and radiative rates, are because of the non practical assumptions made or inadequate comparisons and assessments. Many times the assessment of accuracy is based on speculations rather than a rigorous and robust analysis. Several instances of large discrepancies in various parameters, and their possible simple resolutions, have recently been highlighted by us [7] .
A complete set of data for energy levels, A-values and lifetimes for all three ions (Cu XX, Zn XXI and Ga XXII) are reported in our recent paper [8] and can be confidently applied in the modelling of plasmas. 
